know your response

Measuring frequency response of high-speed
optical receivers requires microwave measurements.

By Paul D. Hale, Tracy S. Clement,
and Dylan F. Williams, National Institute
of Standards and Technology

the frequency
response of an optical receiver
is easy if you have a standard
reference receiver, a simple test setup, and
a network analyzer to perform electrical
mismatch corrections.

Your test setup consists of the receiver
you want to test, a power meter, and a
diode laser modulated by an electrical sig-
nal generator (see figure). Start by
regulating the test setup with a calibrated
reference receiver. Then replace the refer-
ence receiver with the receiver you wish
to characterize and take another measure-
ment. The ratio of the two measurements
is almost all you need.

Taking a closer look, the total response

easuring

T, measured by the test setup (where x is
C for the calibrated reference receiver and
U for the unknown receiver) is given by:

T = (Ag Moy Ry) (R, My Ryy)

Ag is the voltage the signal generator
would deliver to a 50 Q load. R, is the
response of the laser and relates the laser’s
input voltage to its oprical output. R, is
the response of the receiver. It relates the
receiver’s electrical voltage across a 50
load to its optical input power. Finally,
Ry is the response of the power meter to
a source with 50 € impedance.

But what are M, and M, ,,? These are
“mismatch” terms that account for elec-
trical reflections between the laser and the
signal generator, and the receiver and
power meter. The problem is that at high
frequencies, electrical sources and loads
are rarely perfectly matched to 50 Q.
When you connect an electrical source to
a load, the actual power transterred is
rarely that which the source would deliver
to a 50 Q load. Thus, the result of the
measurement depends on both the source
and load impedance.
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The terms A, R;, M, and Ry, don’t
change from measurement to measure-
ment. To find the response Ry of an
unknown receiver, divide the total mea-
sured response Ty of the test setup with
the unknown receiver by the total mea-
sured response 7 with the calibrated
reference receiver (with response RJ).
After rearranging the ratio, you get
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The mismatch terms M, for the
unknown receiver and M, for the cali-
brated receiver are different and don’t
cancel.

iring frequency.
response of an optical receiver uses
a microwave-modulated laser source,
a power meter, and a calibrated
photoreceiver.

How do you calculate M, and M, ?
If you connect the receiver directly to the
power meter, M, is given by

Mo = 11-Tgl'y I
where I',; and Ty, are the complex electri-
cal reflection coefficients of the receiver
and power meter.! If the receiver is
connected to the meter via an intercon-
necting network (such as a bias tee) with
scattering parameters S; (port 1 on the
receiver side), M., is given by:2
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Either way, the procedure is straight-
forward. You use a calibrated vecror
network analyzer to measure I'y;, [, and
Iy (and S if needed) and plug them into
the formulas. The interconnecting net-
work for the standard and unknown
reccivers can be different. For example,
the standard receiver can have a coaxial
connector, while the unknown is an on-
wafer photodiode with coplanar
waveguide wafer probe output. The
uncertainty in Ry is limited by system
noise and the uncertainty in Mp,,.

You might wonder how a standards
laboratory calibrates your standard refer-
ence receiver. We use the heterodyne beat
between two single-frequency lasers as a
standard source, a calibrated microwave
power meter, and a procedure similar to
that outlined above.3 The heterodyne sig-
nal provides an optical modulation that
can be calculated with low uncertainty
from basic physical principles. The
National Institute of Standards and
Technology offers heterodyne measure-
ment of the response magnitude of a
photodiede with precision microwave
connectors at 1319 and 850 nm. 0€
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